Introduction
============

Severe acute pancreatitis (SAP) is an acute, severe pancreatic inflammation with a mortality rate of 30% ([@b1-etm-0-0-6958]). Currently, the management of SAP remains controversial, primarily due to poor understanding of its pathogenesis. Generally, SAP patients undergo conservative management at the early phase, and removal of the peripancreatic necrotic tissue at the late phase ([@b2-etm-0-0-6958]). Nevertheless, recent studies have suggested that the incidence of SAP is associated with pancreatic duct obstruction and hypertension, and hence surgical treatment of SAP should focus on pressure reduction and drainage ([@b3-etm-0-0-6958]). Herein, we present the cases of 3 SAP patients who were successfully treated in 2016 via endoscopic pancreatic stenting at the early phase and nasopancreatic drainage at the late phase.

Case reports
============

### Ethics approval

The present study was approved by the Research Ethics Committee of the General Hospital of Ningxia Medical University (Yinchuan, China). Each patient signed an informed consent for permission to use the clinical data and images.

### Case 1

A 44-year-old male was admitted to the General Hospital of Ningxia Medical University due to severe upper abdominal pain, heavy sweat and increased respiratory and heart rate. The patient had elevated biliary and liver enzyme level, white blood cell (WBC) count of 20.90×10^9^/l, neutral granulocyte ratio (NEUT%) of 81.1%, amylase of 3,879.6 U/l, lipase of 20,000 U/l, APACHE II score of 10, and oxygenation index of 149. The patient was diagnosed with severe acute biliary pancreatitis. He underwent emergency endoscopic operation. Endoscopic sphincterotomy (EST) was performed. A wire was placed into the pancreatic duct and a 6-cm-long 6-Fr-sized stent was inserted over the wire. A large amount of pancreatic fluid containing protein plugs was removed. A second wire was placed into the bile duct, and a nasobiliary duct was placed along the guide wire. The patient was then given non-invasive ventilation and conventional infusion therapy for anti-infection, acid suppression, inhibition of enzyme secretion and liver protection. The patient had restored respiratory function and urination, WBC of 11.88×10^9^/l and NEUT% of 90.6% on day 1 postoperatively, and began oral feeding on day 7. Computed tomography (CT) scan showed progressive pancreatic necrosis and acute peripancreatic fluid accumulation ([Fig. 1a and b](#f1-etm-0-0-6958){ref-type="fig"}). However, the patient developed fever and increased WBC, and his condition was not improved by anti-infection treatment. The pancreatic duct stent was suspected to be blocked, and endoscopic operation was performed again on day 14 to replace the old pancreatic duct stent with an 8-cm-long 7-Fr-sized stent. WBC dropped to 12.07×10^9^/l, and NEUT% was 88.8% immediately after the operation. At 1 week after the second stenting, abdominal enhanced CT showed peripancreatic encapsulated effusion and infective necrosis. The pancreatic duct stent had slipped into duodenum ([Fig. 1c and d](#f1-etm-0-0-6958){ref-type="fig"}). The patient then underwent nasopancreatic drainage. Purulent pancreatic fluid (30 ml) was removed during the operation and daily postoperatively (10--30 ml). The patient was given antibiotics treatment according to the antibiotic susceptibility of bile cultures. The nasopancreatic duct fell off on day 12 after the first nasopancreatic duct drainage, and the patient underwent endoscopic surgery to insert a new nasopancreatic duct. Dark red purulent pancreatic fluid was removed during the surgery (100 ml, [Fig. 2a](#f2-etm-0-0-6958){ref-type="fig"}) and daily postoperatively (50--200 ml, [Fig. 2b](#f2-etm-0-0-6958){ref-type="fig"}). The fluid became clear after 1 week ([Fig. 2c](#f2-etm-0-0-6958){ref-type="fig"}). CT scan showed the gradually decreased peripancreatic infection necrosis ([Fig. 1e-h](#f1-etm-0-0-6958){ref-type="fig"}). Patient was cured and discharged at 28 days after the last surgery. The disease duration was 71 days.

### Case 2

A 30-year-old female was admitted to the hospital due to 19-day obvious abdominal pain. The patient had fever (38.5°C), oliguria, increased heart rate and breathing, WBC of 11.67×10^9^/l, NEUT% of 77.9%, oxygenation index of 181, and APACHE II score of 8. CT scan revealed acute necrotizing pancreatitis with extensive peripancreatic fluid. The patient was diagnosed with severe acute idiopathic pancreatitis, and underwent endoscopic operation to place a 6-cm-long 5-Fr-sized pancreatic duct stent and a nasobiliary duct. Pancreatic fluid containing protein plugs was removed. The patient was given conventional infusion treatment. On day 1 postoperatively, patient\'s blood test, amylase and lipase levels, respiratory and heart rate, and oxygen saturation returned to normal range. APACHE II score was 2. On day 2, the patient was allowed oral feeding. On day 3, the patient developed intermittent fever and increased blood parameters, which were gradually returned to normal range after a 5-day anti-infection therapy. CT suggested acute necrotizing pancreatitis with markedly alleviated pancreatic fluid collection. The patient was discharged from the hospital on day 8 as per her own request, but was admitted back into our hospital due to severe abdominal pain and high fever (39°C) on day 13. The patient had WBC of 34.23×10^9^/l, NEUT% of 89.4%, and APACHE II score of 13. CT scan suggested necrotizing pancreatitis with peripancreatic encapsulated effusion and infective necrosis. She underwent endoscopic surgery to remove the pancreatic duct stent and to perform nasopancreatic drainage. Chylous pancreatic fluid was removed during the operation (120 ml) and daily postoperatively (50--100 ml/day). She was given postoperative anti-infection therapy and non-invasive ventilation (oxygenation index of 198). On day 1 after drainage, the patient had greatly relieved abdominal pain, WBC of 14.15×10^9^/l, NEUT% of 78.9%, APACHE II score of 7, and normal respiratory and heart rate. The patient was allowed oral feeding on day 2. The respiratory function was gradually restored, and the body temperature and blood test results gradually went back to normal range. CT scan suggested progressive reduction of peripancreatic infection necrosis and complete removal of pancreatic fluid collections on day 30 after drainage. The tube was pulled out and the patient was discharged from the hospital. The disease duration was 58 days, including 34 days of hospitalization.

### Case 3

A 60-year-old female with serum amylase of 1,493.6 U/l, WBC of 10.06×10^9^/l, NEUT% of 90.5%, APACHE II score of 8, and oxygenation index of 179 was diagnosed with severe acute idiopathic pancreatitis in the hospital. She underwent emergency endoscopic operation immediately after admission to place a pancreatic duct stent and a nasobiliary duct. Pancreatic fluid containing protein plugs were removed. The patient was given postoperative conventional infusion therapy and non-invasive ventilation. Respiratory function and urination were gradually restored. Blood results and body temperature returned to normal, and the patient began oral feeding on day 12. On day 22, the patient developed high fever and elevated WBC despite the anti-infection therapy. CT scan suggested peripancreatic encapsulated effusion. The patient then underwent nasopancreatic drainage. A large amount of white pus (100 ml) was removed during the operation and daily postoperatively (50--150 ml). Abdominal enhanced CT scan at day 7, 14 and 30 showed that peripancreatic encapsulated effusion was clearly reduced. The patient was discharged after 68 days of hospitalization. The disease duration was 88 days since the onset.

Discussion
==========

Traditionally, the best surgical intervention timing for SAP is at 4 weeks after onset when walled-off necrosis (WON) and infection has developed ([@b4-etm-0-0-6958]). The surgical intervention includes percutaneous drainage or endoscopic drainage followed by infectious necrotic tissue removal. We treated 3 SAP patients via endoscopic pancreatic stenting at the early phase and nasopancreatic drainage at the late phase, and achieved great outcomes. Our cases suggested that the indicated surgical regime might be a promising strategy for the treatment of SAP.

Organ failure induced by severe systemic inflammatory response is known as the most important cause of death in the early phase of SAP ([@b4-etm-0-0-6958]). Therefore, the main treatment goal at this stage is to control the systemic inflammatory response. Patients are generally treated by conservative infusion because early surgical intervention often aggravate the inflammatory response, leading to an increased mortality rate ([@b5-etm-0-0-6958],[@b6-etm-0-0-6958]). Endoscopic operation does not create extra trauma or cause the diffusion of peripancreatic fluid, and thus is operable even in SAP patients with severe organ dysfunction ([@b7-etm-0-0-6958]). More importantly, we found viscous pancreatic fluid or even 'protein plugs' which, if not removed, might clog the duct and aggravate the conditions. In this study, after pancreatic duct obstruction was removed by surgery, the inflammatory indexes (APACHE II score, WBC, body temperature, heart rate) were improved in all patients, suggesting that the clearance of pancreatic duct obstruction is beneficial for the early control of systemic inflammatory response in SAP.

Most aseptic necrotizing pancreatitis can be cured by conservative treatments. Nevertheless, peripancreatic infectious necrosis occurs in 25--70% of SAP patients ([@b6-etm-0-0-6958]), and has become the primary cause of death in the late phase of SAP ([@b8-etm-0-0-6958]). Currently, a step-up approach of percutaneous drainage is the main surgical approach ([@b4-etm-0-0-6958]). However, approaches such as transmural or percutaneous image guided drainage ([@b9-etm-0-0-6958]), and necrotic tissue removal via abdominal or video assisted retroperitoneal debridement (VARD) ([@b10-etm-0-0-6958]) need to create an additional channel for the drainage of infection necrosis. Reportedly, 31--44% of patients with acute necrotizing pancreatitis had pancreatic duct rupture ([@b11-etm-0-0-6958]--[@b13-etm-0-0-6958]). For these patients, drainage through the duodenal papillary pancreatic duct can enter the necrotic effusion cavity directly through the ruptured pancreatic duct, so as to achieve the drainage without an additional wound. Studies have shown that this method can improve the cure rate of peripancreatic hydrops, prevent recurrence of peripancreatic hydrops and repair the pancreatic duct rupture ([@b14-etm-0-0-6958]--[@b16-etm-0-0-6958]), and reduce the risk of hemorrhage and digestive tract leakage caused by a puncture ([@b17-etm-0-0-6958]).

In the current 3 cases, nasopancreatic duct drainage was performed and a large amount of infection necrosis was removed during and after the surgery. Patients\' conditions were greatly improved, and inflammation and peripancreatic infectious necrosis were gradually alleviated and eventually disappeared, indicating that this surgical intervention is feasible for the treatment of late necrotizing pancreatitis. Imaging findings suggested that the infection necrotic cavities were linked to the nasopancreatic duct, which might explain the efficacy of nasopancreatic duct drainage in infection necrotizing pancreatitis.

Although the pathogenesis of acute pancreatitis has not been fully elucidated yet, studies have suggested pancreatic duct obstruction and hypertension as key events of both biliary and non-biliary acute pancreatitis ([@b18-etm-0-0-6958],[@b19-etm-0-0-6958]). Moreover, pancreatic duct hypertension is positively correlated with the severity of acute pancreatitis ([@b20-etm-0-0-6958]), leading to pancreatic ischemia necrosis and severe pancreatitis ([@b21-etm-0-0-6958],[@b22-etm-0-0-6958]). Consistently, our cases had pancreatic duct obstruction during both early and late phase, confirming the critical role of pancreatic duct obstruction and hypertension in SAP. A prompt and effective drainage of the pancreatic duct reduced the intra-duct pressure, and thereby greatly improved the healing of SAP. None of the 3 patients were aggravated by pancreatitis after ERCP. We did not perform pancreatogram during the operation, because acute pancreatitis was associated with damage to the main pancreatic duct and gland vesicle, and pressure on the pancreatic duct during pancreatogram could directly lead to rupture of the main pancreatic duct or gland vesicle, thus inducing postoperative pancreatitis after ERCP and aggravating acute pancreatitis ([@b23-etm-0-0-6958],[@b24-etm-0-0-6958]). The clear diagnosis of the 3 patients led to avoidance of unnecessary pancreatic duct angiography and reduced the incidence of pancreatitis after ERCP. Pancreatic duct stenting is an important prevention method for postoperative pancreatitis after ERCP, and even an important remedy for postoperative pancreatitis after ERCP ([@b25-etm-0-0-6958]). In our study, pancreatic duct catheterization was used to treat acute pancreatitis, and these two factors prevented the occurrence of postoperative pancreatitis.

In summary, we reported on 3 SAP cases that were successfully treated via pancreatic stent at the early phase and nasopancreatic drainage at the late phase. Results suggested that the indicated treatment strategy might alleviate the systemic inflammatory reaction via removal of pancreatic duct obstruction, and thus improve the healing of SAP, although multicenter clinical trials are needed.

Not applicable.

Funding
=======

This study was supported by the Technology Support Program of Ningxia (2015KJHM40).

Availability of data and materials
==================================

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.

Authors\' contributions
=======================

ZW and QW interpreted the CT results. JS and WY acquired and analyzed the general data of the patients. PL, ZW and CT performed the surgery. PY and JL were responsible for the inflammatory indexes analysis. All authors read and approved the final manuscript.

Ethics approval and consent to participate
==========================================

The present study was approved by the Research Ethics Committee of the General Hospital of Ningxia Medical University (Yinchuan, China). Each patient signed an informed consent for permission to use the clinical data and images.

Patient consent for publication
===============================

**All patients signed an informed consent for permission to use the clinical data and images.**

Competing interests
===================

The authors declare that they have no competing interests.

![Abdominal enhanced CT of a 44-year-old male SAP patient (case 1) (a) at 5 days after the first pancreatic duct stenting showing extensive pancreatic necrosis; (b) at 2 weeks after the first pancreatic duct stenting showing aggravated pancreatic necrosis and peripancreatic fluid; (c and d) at 1 week after the second pancreatic duct stenting showing peripancreatic infectious necrosis and the pancreatic duct stent (marked by the black arrow) that has slipped into the duodenum; (e) at 12 days, (f) 17 days, (g) 30 days and (h) 45 days after the second nasopancreatic drainage showing progressively decreased peripancreatic infectious necrosis. The nasopancreatic duct is marked by a black arrow. CT, computed tomography; SAP, severe acute pancreatitis.](etm-17-01-0432-g00){#f1-etm-0-0-6958}

![Images showing the amount and color of pancreatic fluid from a 44-year-old male SAP patient (case 1) (a) during the second nasopancreatic drainage, (b) at 1 day, and (c) at 1 week after the surgery. SAP, severe acute pancreatitis.](etm-17-01-0432-g01){#f2-etm-0-0-6958}
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